These isomorphisms are discussed in a more general situation by Taro Ura [7] . This paper was motivated by discussions with Taro Ura and Otomar Hajek.
In our investigation we construct a section which generates a neighborhood of the center by using a theorem from the theory of fibre bundles. This section may be constructed directly, using the existence of a transversal through each noncritical point of the dynamical system. Much insight, which is otherwise lost, into the structure of a center is obtained from the fibre bundle approach.
The concept of a transversal is essential in our investigation. The basic material on transversal theory in planar dynamical systems is found in [3] .
Throughout this paper R+, R\ and R 2 will denote the nonnegative reals, the reals, and the plane respectively.
Let (X, π) be a dynamical system on X, i.e., X is a topological space and π is a mapping of X x R ι onto X satisfying the following axioms (where xπt = π(x, t) for (x, t) e X x R ι ): (1) Identity Axiom: xπO = x for xe X (2 ) Homomorphism Axiom: (xπt)πs = xπ(t + s) for xe X and t,seR ι (3) Continuity Axiom: π is continuous on X x R 1 . Then for xe X, xπR 1 is called the trajectory through x and is denoted by C(x). If C(x) = {x}, x is called a critical point. If there exists t e R\ t Φ 0, such that xπt -x, C(x) is called periodic. If C(x) is periodic and x is not a critical point, C(x) 9 is called a cycle.
1* Definition and properties of a center. In the following (iϋ 2 , π) will denote a dynamical system on R 2 and P the set of noncritical periodic points of (R 2 , π). Let T: P -• R ι be the mapping which associates with each point xeP its fundamental period T(x). For the proof of the following result see [3, VII, 4.15] . PROPOSITION 
T is a continuous mapping of P into R
ι . [1, 1.4.1] ). This will prove (by [1, 2.6.6] 
Then there exist sequences {x^i in U -{p} and {£<}Π=i in R + , with Xί~*P and x-πti-^y. Since x^P for every ΐ, we may assume ίiG [0, T(Xi) ). Since C(y) is a cycle, t t e [0, 2T(y)) for all i sufficiently large by the continuity of T. Let {t in }ζ =1 be a convergent subsequence of {ti}T=i with limit t Q . Then 7/ <-x in πt in -> pττί 0 = p . This contradicts our assumption that yeM-{p}. Thus D+ = {p} and {p} is positively stable. Similarly {p} is negatively stable. DEFINITION 1.4 . A cycle C(x) of (R 2 , π) decomposes R 2 into two components, one bounded and the other unbounded, int C(x) and ext C(x) will denote the bounded and unbounded components, respectively, of R 2 -C(x) .
π). Then intC(x) and extC(x) are invariant.
Proof. The components of an invariant set are invariant.
In [3, VII, 4.8] it is proved that PROPOSITION 1.6 . // C(x) is a cycle in (R 2 ,π) , then intC(α ) contains a critical point. PROPOSITION 1.7 . Let p be a center in (R\ π) and U be a neighborhood as described in Definition 1.2. Then there exists xe U such that
(ii) pe int C(x) 9 and (iii) p e int C(y) for every y e int C(x) -{p}.
Proof. Let V be a disc neighborhood of p contained in U. Since p is positively stable there exists x e V-{p} such that Proof. Since e is an open mapping, the result follows from § I, 3.5 of [2] .
We shall now write e(V) as V/~ where it is understood that ĩ s restricted to V x V. The following material on bundles is to be found in [6] . Let U -{p} be the bundle space, U -{p}/~ be the base space, the canonical mapping e of U -{p} onto U -{p}/~ be the projection. Then S 1 (the one-sphere) is the fibre; as the group take S 1 (with complex multiplication). U -{p} can be covered by a countable family {Uj}J =L of open invariant sets which are generated by arc transversals {T 
where ξ = exp [ίλ^π ] and λ e G [0,1). It is easily verified that the above satisfies (1) through (8) . We will verify that it also satisfies (9) and (10) and is hence a bundle. Let δ = δ(x) e S 1 be such that
It can be shown that δ( ) is continuous. Then n ,
Thus φjl x φ i>x coincides with multiplication by δ" 1 and is continuous since δ is a continuous function. PROPOSITION 
U -{p}/~ is homeomorphic with (0,1).
Proof. First U -{p}/~ is connected and locally connected since U -{p} is such. Second, U -{p}/~ is a regular ϊ\ space since e\ U is a closed mapping. Since the topology of U -{p} has a countable base and e is an open mapping, the topology of U -{p}/~ has a countable base. By Urysohn's metrization theorem U -{p}/~ is metrizable. It is known that if a metric space X is separable, connected, and locally connected, and such that on removing any point y of X the remaining set X -{y} consists of exactly two components, then it is the homeomorphic image of (0,1), [8] . Take any C(x) e U-{p}/~.
, e(d) is both open and closed since d is both open and closed and e \ U is both open and closed. (U-{p})l~-C(x) = «U-{p})-C(x))/~ = e((U -{p})-C(x)
C(x) has exactly two components. Hence U -{p}/~ is homeomorphic with (0,1). We repeat this construction for every component of I -A and let g denote the union of all such mappings. The continuity of g follows from the fact that in any compact subinterval of I there can be only a finite number of components of / -A whose end-points have / images which are diametrically opposite.
The following theorem from [6, 12.2] gives the existence of crosssections to bundles p: B -• X, i.e., a continuous mapping /: X -• B such that pf(x) = x for every x e X. h((a, 1) ) c int C(x) since SπR 1 = U -{p} and S Π C(x) = {x}. Since this is true for every xe S we must have REMARK 2.14. Let x e S and Si be the subarc of S U {p} with end-points x and p. In what follows we will assume x = x Q and S = S x .
3* Tyρe-ΛΓ-isomorρhisms* The classification of dynamical systems in terms of the following types of isomorphisms is due to Ura [7] .
Let Under certain restrictions we will show that isomorphisms of types 2 and 2' are equivalent for centers, and for i = 1, 2 give necessary and sufficient conditions for two centers to be type-ΛΓ-isomorphic. The proof of the following assertion is in [7] . is an equivalence relation on the family of all dynamical systems.
4* Classification of centers* We will now classify centers in terms of type-AMsomorphisms. Let (i? 2 , ττ 0 ) be the dynamical system defined by
The phase portrait consists of a single critical point -the origin -and cycles of fundamental period 2π which are concentric circles about the origin. 
A is easily verified to be continuous. Let x, y e Z7 0 -{0} be such that 
h(xπ o t) = /(| xπ o t \)π -±pL T(f(\ xπ o t ]))

T(f(\x\)). Thus h(xπ o t) = h(x)π-J-T(h(x)) . 2π Set φ(x, t) = (t/2π)T(h(x))
for all a? e f7 0 -{0} and for all ί e iί 1 . Evidently (h\ U o -{0}, 9?) satisfies the conditions of type 2. 
2ττ
Evidently φ is a continuous extension of φ to U o x R 1 and (h, φ) satisfies the conditions of type 2.
Now assume (h, φ) is a type-2'-isomorphism of (U o , π 0 ) onto (U, π). h{0) = fe(Oττί) = ^(0)^^(0, ί) for every teR 1 . Thus Λ,(0) is critical and must equal p. Since h is a homeomorphism, Λ(x) = p if and only if B = 0. Let x e Uo -{0}. Then fe(a ) = h(xπ Q 2π) = h(x)πφ(x, 2π) and fe(£) ^ h(xπ o t) for 0 < ί < 2ττ imply that | ^>(x, 2ττ) | is the fundamental period of h(x), i.e., \φ(x,2π)\ = T(h(x)) for all xeU Q~ {0}. By the continuity of φ( , 2π), we have that lim τ _ 0 T{h(x)) exists and is finite. φ(x, ) a homeomorphism such that φ(x, 0) = 0 implies lim^o T(h{x))Φ 0. Since h is a homeomorphism, lim^ T(y) exists, is finite, and nonzero. This completes the proof.
Let (R 2 , π λ ) and (R 2 , π 2 ) be two dynamical systems with centers p 1 and p 2 respectively. For i = 1, 2, let Ui be a neighborhood of ^ as described in Remark 2.14, S t be the arc which generates U i9 and Γ, be the mapping which associates with xe Ui -{Pi} its fundamental T 2 (h(x) Proof. Since 2^(5;) is connected, Ti(S^ is an interval for i = l, 2. Moreover T^S,) -Γ 2 (S 2 ) sincê (x,) = T 2 (x 2 ) and lim_ Pi T x (x) = lim y _^ T 2 (y) .
If V is a compact subset of S iy then Γ^ | V is a homeomorphism because a continuous, one-to-one mapping of a compact space onto a Hausdorff space is a homeomorphism. Since this is true for every compact subset V of S i9 T { is a homeomorphism, i = 1, 2. Define g: Si-* S 2 as follows: Then it is easy to show gixπj) = g(x)π 2 Xt for all xeU ι -{p x } and for all ίeiϊ 1 . g can be extended to a homeomorphism g of ^ onto U 2 by mapping ^ onto p 2 . Then (^, ^) is a type-1-isomorphism of (ZTx, TΓJ onto (J7 2 , τr 2 ). 
